Introduction {#S1}
============

The Echinoidea includes more than 1,000 living species in 70 families ([@R31]; [@R4]), and can be divided into two groups, so-called "regular" and irregular, by considering their gross morphology. Only the latter group is monophyletic. In contrast to irregular echinoids, which are bilaterally symmetric and have the periproct (containing the anus) at the functionally posterior part of the body, the regular echinoids have a pentaradially symmetric body, or test ([@R57]). In these forms, the periproct is within the apical system at the top (aboral surface) of the animal, opposite the mouth situated on the bottom (oral surface) ([@R37]; [@R21]; [@R34]; [@R53]). The regular echinoids constitute a paraphyletic assemblage ([@R58]) that includes slate pencil urchins (cidaroids), soft-bodied fire urchins (echinothurioids), and other sea urchins (diadematoids, camarodonts, and other carinacean forms) with large spines and a subspherical body ([@R36]). Regular echinoids are considered keystone epibenthic organisms in rocky substrates and reefs ([@R7]; [@R11]) as well as in soft bottom habitats ([@R25]).

"*Salmacis virgulatus*" (now known as *S. virgulata* L. Agassiz in [@R2]) was the first recorded member of the regular echinoid fauna of Sri Lanka. After this publication, several authors reported many regular echinoids from Sri Lankan waters during the early 19^th^ and mid-20^th^ centuries ([@R1]; [@R8]; [@R60]; [@R49]; [@R48], [@R50], [@R51]; [@R20]; [@R26]; [@R14], [@R15], [@R16], [@R17]; [@R37], [@R38], [@R39], [@R41], [@R42]; [@R13]). This was followed by only sporadically published records for several decades, creating a gap in knowledge of these echinoids between 1928 and 2006 (see [@R5] for review). Work carried out by Malik Fernando, Prassana Weerakkody, Sevvandi Jayakody, Gayani Thilakaratne, and Gayashan M. Arachchige helped increase the knowledge of echinoid diversity in Sri Lanka ([@R27]), and confirmed the presence of some species recorded by previous authors.

The present study aims to expand the knowledge about the species richness of regular echinoids in Sri Lankan waters. The results of this research, which combines data collected between 2013 and 2015 with that from existing publications, provide an updated, annotated species list of Sri Lankan regular echinoids.

Materials & methods {#S2}
===================

Echinoid specimens were collected between January 2013 and January 2015 from 22 localities along the Sri Lankan coastline ([Fig. 1](#F1){ref-type="fig"}) by snorkelling and SCUBA diving (up to 33 m depth). Dead, beach-washed specimens were gathered at low tide on the shore and from among discarded specimens at fish landing sites. Fresh specimens were preserved in 10% formalin (indicated by "wet" in the material lists below).

All the newly collected specimens are deposited in the Department of Aquaculture and Fisheries (DAF) of Wayamba University of Sri Lanka (WUSL). Details of sites from which species were recorded during the field work are given in [Appendix 1](#SD1){ref-type="supplementary-material"}. Irregular echinoids collected during the field work were described by [@R6].

In addition to the data from the present research, published literature, species deposited in the DAF, WUSL, and records of Sri Lankan samples registered in the Invertebrate Zoology collection database of the California Academy of Sciences, San Francisco (CAS) (<https://www.calacademy.org/scientists/izg-collections>) were used for the compilation of the species list of "regular" echinoids of Sri Lanka. The specimens at DAF were collected by R.M.G.N. Thilakaratne and S. Jayakody during 2007--2008. Locality information extracted from published literature is given in [Appendix 2](#SD1){ref-type="supplementary-material"}.

Identification of specimens was based on the keys developed by [@R37], [@R38], [@R39], [@R41], [@R42], [@R13], [@R55], [@R56], and on the Echinoid Directory, which is an online key hosted by the Natural History Museum, UK ([@R58]). In addition, we included species that we were unable to examine but which were included in publications with references to Sri Lanka, to create the updated species list. The taxonomic list and nomenclature were organised and updated systematically according to the World Echinoidea Database ([@R30]).

Results {#S3}
=======

Fifteen species were recorded and identified during the fieldwork, representing 12 genera, six families, and four orders ([Table 1](#T1){ref-type="table"}). In addition, two species, *Astropyga radiata* and *Pseudoboletia maculata*, were found in the DAF collection. Apart from that, 22 regular echinoid species were added to this species list based on the most recent literature compilation done by [@R5]. Thus, a total of 39 regular echinoid species belonging to 28 genera, nine families, and five orders are included in this species list ([Table 1](#T1){ref-type="table"}). Two species, *Phyllacanthus imperialis* and *Temnopleurus toreumaticus,* are recorded for the first time since they were last mentioned in a scientific publication on Sri Lankan echinoids 90 years ago. The following descriptions report only the new material collected during our fieldwork, plus the two DAF specimens. For details on species records solely based on literature records and not resampled during the present study, see [@R5]. Here, for the first time, we provide photographs of hitherto unillustrated test surface details of poorly known, and seldom encountered temnopleurids now known to occur in Sri Lanka.

**Systematic part**

**Class Echinoidea Leske, 1778**

**Subclass Cidaroidea Smith, 1984**

**Order Cidaroida Claus, 1880**

**Family Cidaridae Gray, 1825**

***Phyllacanthus imperialis* (Lamarck, 1816)**

**Material studied.** WUSL/ER/198, 199 (wet, with spines) from Godawaya; WUSL/ER/200 (dry, with spines) from Negombo; WUSL/ER/201, 202 (dry, denuded) from Nilwella.

**Literature records for Sri Lanka.** [@R1], [@R26], [@R15], [@R17].

**Distribution in Sri Lanka.** Southern and western coasts of Sri Lanka.

**Recorded depth range in Sri Lanka.** 1--8 m (present study), 23--65 m (previous records).

**Habitat.** In coral ecosystems where it hides during the day in rock beds and emerges at night to graze.

**Observed occurrence in this study.** Southern coast (Godawaya, Nilwella) and western coast (Negombo) of Sri Lanka.

**Remarks.** This species differs from others in the genus by its characteristic primary spines with very numerous, closely spaced series of granules. [@R37] introduced three forms under *Phyllacanthus imperialis*: *typicus*, *ustigerus*, and *unicolor*. Specimens observed during this study most closely matched *unicolor.* Their primary spines are unbanded, and uniformly dark violet. This species was recorded from Sri Lanka 90 years ago by [@R17].

**Order Diadematoida Duncan, 1889**

**Family Diadematidae Gray, 1855**

***Astropyga radiata* (Leske, 1778)**

**Material studied.** WUSL/ER/203 (dry; denuded) from Trincomalee.

**Literature records for Sri Lanka.** [@R50], [@R20], [@R3], [@R23], [@R27].

**Distribution in Sri Lanka.** Eastern coast of Sri Lanka.

**Recorded depth range in Sri Lanka.** 51 m ([@R3]).

**Habitat.** Not recorded.

**Observed occurrence in this study.** None.

**Remarks.** This species differs from other diadematoids found in Sri Lanka by having a very low test, conspicuously elongated, narrow genital plates, and spines in which the shaft is partially filled with a loose stereom meshwork.

[@R50], [@R20], and [@R3] recorded this species from Trincomalee. One denuded specimen is housed at the Department of Aquaculture and Fisheries of the Wayamba University of Sri Lanka. This specimen was collected from off Trincomalee, but its depth is unknown.

***Diadema savignyi* (Audouin, 1809)**

**Material studied.** WUSL/ER/204 (dry, denuded) from Nilwella; WUSL/ER/209 (dry, denuded) from Hiriketiya.

**Literature records for Sri Lanka.** [@R15], [@R23], [@R27], [@R24].

**Distribution in Sri Lanka.** Southern coast of Sri Lanka.

**Recorded depth range in Sri Lanka.** 0.5--4 m (present study).

**Habitat.** Shallow reef areas.

**Observed occurrence in this study.** Southern coast (Hiriketiya and Nilwella) of Sri Lanka.

**Remarks.** The test of adult *D. savignyi* can be distinguished from that of adult *D. setosum* because the former has up to five primary tubercles in one horizontal series in the interambulacra, and the latter has six to seven. In life, *D. savignyi* lacks a red ring around the anus, but has bright blue lines around the plates in the apical system, and two paired, thin lines of the same vivid color running down along each interradial suture towards a white, iridescent spot. At this point, the two blue lines diverge to run along the center of each column of interambulacral plates. In *D. savignyi*, right blue lines can often be seen around the bases of the primary spines.

[@R15] reported this species in Sri Lanka for the first time based on two specimens housed at the Colombo Museum. However, no exact locality nor depth records are available. Clark's collection is no longer available at the Colombo Museum.

***Diadema setosum* (Leske, 1778)**

**Material studied.** WUSL/ER/208 (dry, denuded) from Polhena.

**Literature records for Sri Lanka.** [@R8], [@R9], [@R50], [@R20], [@R26], [@R17], [@R45], [@R23], [@R27], [@R24].

**Distribution in Sri Lanka.** Eastern and southern coasts of Sri Lanka.

**Recorded depth range in Sri Lanka.** 0.5--3 m (present study), 0--62 m (previous records).

**Habitat.** Coral reefs, rocky reef platforms.

**Observed occurrence in this study.** Southern coast (Hiriketiya, Nilwella, and Polhena) of Sri Lanka.

**Remarks.** Adults of this species differ from *D. savignyi* by having six to seven primary tubercles in one horizontal series in the interambulacra, a blue spot on each genital plate, and white spots along the interradii instead of lines. In addition, there is a prominent red ring around the anus at the tip of the inflated anal sac.

This species has been recorded consistently from the southern and eastern coasts of Sri Lanka since it was first mentioned as part of the Sri Lankan echinoid fauna ([@R8]). According to [@R32], *D. setosum* contains two mitochondrial lineages that split 3 to 5 million years ago and are now geographically separated. No specimens from Sri Lanka were included in the study by Lessios and co-workers, but species distribution modelling by [@R10] predicts that the Sri Lankan representatives belong to *D. setosum* clade a. Genetic analyses are needed to confirm the prediction based on modelling.

***Echinothrix calamaris* (Pallas, 1774)**

**Material studied.** WUSL/ER/210 (dry, with spines) from Nilwella; WUSL/ER/211 (dry, denuded) from Polhena.

**Literature records for Sri Lanka.** [@R27].

**Distribution in Sri Lanka.** Southern coast of Sri Lanka.

**Recorded depth range in Sri Lanka.** 1--2 m (present study).

**Habitat.** Reef flats and tide pools.

**Observed occurrence in this study.** Southern coast (Hiriketiya, Nilwella, and Polhena) of Sri Lanka.

**Remarks.** The test of *E. calamaris* can be distinguished from that of *E. diadema* by having naked adapical medial zones in the interambulacra, conspicuously inflated aboral ambulacra, no enlarged ambulacral tubercles at the ambitus and small auricles with low connecting ridges in the interambulacra. In life, *E. calamaris* is easily distinguished from *E. diadema* in having banded, usually pale or white primary spines, and concentrations of gold or light brown, poison-gland bearing spines in the ambulacra that are much shorter and more sharply pointed than the interambulacral primaries. See [@R18] for an in-depth discussion of the test features distinguishing the two species.

This species was recently added to the Sri Lankan echinoid faunal list by [@R27]. Our study confirms the presence of *E. calamaris* in Sri Lanka. *E. calamaris* is widely distributed from the western Indian Ocean ([@R47]) to the eastern Indian Ocean ([@R46]; [@R52]) and beyond (see [@R13] for a summary).

***Echinothrix diadema* (Linnaeus, 1758)**

**Material studied.** WUSL/ER/212 (wet, with spines) from Hikkaduwa; WUSL/ER/213 (dry, denuded) from Hikkaduwa; WUSL/ER/214 (dry, denuded) from Hiriketiya; WUSL/ER/215 (dry, with spines) from Nilwella; WUSL/ER/216 (wet, with spines) from Nilwella.

**Literature records for Sri Lanka.** [@R26], [@R15], [@R23], [@R27].

**Distribution in Sri Lanka.** Southern coast of Sri Lanka.

**Recorded depth range in Sri Lanka.** 1--2 m (present study), 62 m (previous records).

**Habitat.** Coral reefs and rocky reef platforms.

**Observed occurrence in this study.** Southern coast (Hiriketiya, Nilwella, and Hikkaduwa) of Sri Lanka.

**Remarks.** The test of *E. diadema* differs from that of *E. calamaris* in having no naked adapical medial zones in the interambulacra, no inflated aboral ambulacra, enlarged ambulacral tubercles at the ambitus, and large auricles with high connecting ridges in the interambulacra. In life, *E. diadema* tends to be black with bluish iridescence in strong sunlight, and the poison-gland bearing spines are not differentiated in color from the other primary spines.

**Order Stomopneustoida [@R31]**

**Family Stomopneustidae Mortensen, 1903**

***Stomopneustes variolaris* (Lamarck, 1816)**

**Material studied.** WUSL/ER/217 (wet, with spines) from Nilwella; WUSL/ER/218 (dry, with spines) from Nilwella; WUSL/ER/219 (dry, with spines) from Hiriketiya, WUSL/ER/220 (dry, denuded) from Beruwala; CASIZ 100705, 100778, 101977, 103168 (four wet specimens, with spines), CASIZ 101939 and 102241 (two dry specimens, with spines) all from Ambalangoda.

**Literature records for Sri Lanka.** [@R60], [@R20], [@R26], [@R15], [@R29], [@R45], [@R23], [@R27], [@R24].

**Distribution in Sri Lanka.** All coasts possess suitable habitat for this species.

**Recorded depth range in Sri Lanka.** 0.1--5 m (present study), 5 m (previous records).

**Habitat.** Subtidal rocks, common on rocky platforms, in crevices, under boulders, and in coral reefs; well adapted to areas in which wave action is high.

**Observed occurrence in this study.** Eastern (Batticaloa, Panama, and Trincomalee), northwestern (Kalpitiya 1), southern (Ahangama, Hikkaduwa, Hiriketiya, Kirinda, Nilwella, Polhena, and Rakawa) and western coasts (Beruwala, Negombo) of Sri Lanka.

**Remarks.** The family Stomopneustidae has only one extant species. *S. variolaris* can be distinguished from diadematoids (with some of which it might be confused in life) found in Sri Lanka in having imperforate, non-crenulate primary tubercles, broad multiserial pore zones from the peristomial margin to the apex, large ambulacral tubercles, and a comparatively small apical system that is firmly integrated into the corona (not loosely attached by soft tissues as is usually the case in diadematoids). *S. variolaris* differs from camarodonts in having an open foramen (epiphyses not joined over the teeth in the Aristotle\'s lantern). Characteristic features of the test include the conspicuously sunken, sinuous interradial sutures and the polygeminate ambulacra with pores that are not aborally arranged in clear arcs.

In Sri Lanka, this species is widely distributed mainly from the southern to the northwestern coasts.

**Order Camarodonta Jackson, 1912**

**Family Echinometridae Gray, 1855**

***Echinometra* ex grupo *mathaei* (Blainville, 1825)**

**Material studied.** WUSL/ER/225 (dry, denuded) from Hiriketiya, WUSL/ER/226 (dry, denuded) from Hikkaduwa; WUSL/ER/227 (wet, with spines) from Beruwala.

**Literature records for Sri Lanka.** [@R15], [@R17], [@R45], [@R23], [@R27], [@R24].

**Distribution in Sri Lanka.** Southern and western coasts of Sri Lanka.

**Recorded depth range in Sri Lanka.** 0.5--1 m (present study), 0.5--5 m (previous records).

**Habitat.** Rocky shores, in rock crevices, among rock boulders, channels, and self-made burrows.

**Observed occurrence in this study.** Southern coast (Hiriketiya and Hikkaduwa) and the western coast (Beruwala) of Sri Lanka.

**Remarks.** *E. mathaei* can be distinguished from the other Sri Lankan echinometrids, except from *E. oblonga*, in having the test elongated through the axis between ambulacrum I and interambulacrum 3, and only four pore pairs in the pore arcs of the ambulacra.

*E. mathaei* and *E. oblonga* cannot be easily distinguished from each other. [@R42] admits that "there are no reliable characters in the test distinguishing *oblonga* from the typical *mathaei*". Hence, molecular analyses are required to distinguish these species unequivocally, although sperm morphology and spicules have been shown to be very useful in distinguishing some members of the *E. mathaei* species complex (Arakaki *et al.* 1998; Bronstein & Loya 2013).

Two colour variants, green and brown, occur in Sri Lanka. There is a high likelihood that more than one species is present on the island, pending full molecular analyses of additional specimens from across the range of echinometrids currently listed under the names *E. mathaei* and *E. oblonga*.

***Echinostrephus molaris* (Blainville, 1825)**

**Material studied.** WUSL/ER/228 (dry, denuded) from Nilwella; WUSL/ER/229 (dry, denuded) from Kalpitiya 2; WUSL/ER/230 (dry, denuded) from Hikkaduwa; WUSL/ER/231 (dry, denuded) from Hiriketiya.

**Literature records for Sri Lanka.** [@R20], [@R26], [@R15], [@R55], [@R23], [@R27], [@R24].

**Distribution in Sri Lanka.** Northern, southern, and northwestern coasts of Sri Lanka.

**Recorded depth range in Sri Lanka.** 0.5--13 m (present study), 13--24 m (previous records).

**Habitat.** Mostly in burrows in flat, rocky reef bottoms.

**Observed occurrence in this study.** Northwestern (Kalpitiya 2) and southern coast (Hikkaduawa, Hiriketiya, and Nilwella) of Sri Lanka.

**Remarks.** *E. molaris* can be distinguished from the other echinometrid species recorded in Sri Lanka, *Colobocentrotus* (*Podophora*) *atratus*, *Echinometra* spp., and *Heterocentrotus mamillatus*, in having three pore pairs in the pore arcs of the ambulacra and a unique lateral aspect, with the ambitus located high on the test and the aboral side distinctly flattened. *E. molaris* also has a small, circular test with a flattened, broad aboral side. Unique to the genus, the longest spines project vertically in an aboral tuft, whereas the spines on the ambitus and oral surface are extremely short.

This species was first recorded from Sri Lanka by [@R20] under the incorrectly formed name "*Echinostrephus molare*".

***Heterocentrotus mamillatus* (Linnaeus, 1758)**

**Material studied.** WUSL/ER/232, 233 (wet, with spines) from Nilwella.

**Literature records for Sri Lanka.** [@R23], [@R27].

**Distribution in Sri Lanka.** Southern coast of Sri Lanka.

**Recorded depth range in Sri Lanka.** 2--5 m (present study).

**Habitat.** Among rock boulders and in rock crevices.

**Observed occurrence in this study.** Southern coast (Hiriketiya and Nilwella) of Sri Lanka.

**Remarks.** *H. mamillatus* can be distinguished from the other Sri Lankan echinometrids in having the test transversely elongated through the axis between ambulacrum II and interambulacrum 4, and very strongly developed, solid, thick primary spines that are bright red-brown in life. Distally, these spines are almost triangular in cross-section. The secondary spines are extremely short, truncated, and with a flattened tip.

This species was threatened by the marine curio trade and listed as a protected species in Sri Lanka under the Sri Lankan Fauna and Flora Protection Act (Amendment), No. 22 of [@R22]. To date, it is the only protected echinoid species in Sri Lanka.

**Family Temnopleuridae** [@R1]

***Microcyphus ceylanicus*** [@R40]

[Figure 2](#F2){ref-type="fig"}

**Material studied.** WUSL/ER/87 (dry, denuded) from Hiriketiya; WUSL/ER/234 (wet, with spines) from Hiriketiya; WUSL/ER/235 (dry, denuded) from Dickwella.

**Literature records for Sri Lanka.** [@R40], [@R41], [@R45], [@R23], [@R27].

**Distribution in Sri Lanka.** Southern coast of Sri Lanka.

**Recorded depth range in Sri Lanka.** 1--5 m (previous records).

**Habitat.** Coral reefs ([@R45]).

**Observed occurrence in this study.** Southern coast (Hiriketiya and Dickwella), on shore. Both of these collection sites were dominated by seagrass beds at shallow depths.

**Remarks.** Here, for the first time, we provide photographs of test surface details on this rarely seen temnopleurid ([Fig. 2](#F2){ref-type="fig"}). Its test has never been figured in detail, and [@R41] included only a photograph in lateral view, plus drawings of the apical system, ambulacral compounding, and some pedicellariae. *M. ceylanicus* is restricted to Sri Lanka and the Andaman Islands, and can be distinguished from other Sri Lankan regular echinoids by its light olive-green test. The test has naked interambulacral areas, each of which has a dark zigzag line along the medial sutures ([Fig. 2](#F2){ref-type="fig"}). The spines are banded with red, brown, and white. This species is characterized by its sharply delimited naked areas in both the interambulacra and ambulacra ([@R40]).

[@R20] misidentified this species as *M. maculatus*, an error that was rectified by [@R41]. The type specimen, collected from Sri Lanka, is housed at the Zoologische Staatssammlung München (The Bavarian State Collection of Zoology, Munich).

***Salmacis bicolor* L. Agassiz in** [@R2]

[Figure 3](#F3){ref-type="fig"}

**Material studied.** WUSL/ER/236, 237, 238 (wet, with spines) from Godawaya; WUSL/ER/239 (dry, with spines) from Nilwella; WUSL/ER/240 (wet, with spines) and WUSL/ER/241 (dry, with spines) from Mandathiv; WUSL/ER/242 (wet, with spines) and WUSL/ER/88, 243 (dry, with spines) from Nagadeepaya; WUSL/ER/244, 245 (dry, with spines) from Point Pedro.

**Literature records for Sri Lanka.** [@R8], [@R9], [@R20], [@R26], [@R15], [@R17], [@R29], [@R45], [@R55], [@R23], [@R52], [@R27].

**Distribution in Sri Lanka.** Northern, southern, and western coasts of Sri Lanka.

**Recorded depth range in Sri Lanka.** 1--5 m (present study), 4--55 m (previous records).

**Habitat.** Rocky shores, among boulders and seagrass.

**Observed occurrence in this study.** Northern coast (Mandathiv, Nagadeepa, and Point Pedro) and the southern coast (Godawaya and Nilwella) of Sri Lanka.

**Remarks.** *S. bicolor* differs from other species in the genus in that the spines are banded in red and yellowish to violet or green and have red bases ([Fig. 3](#F3){ref-type="fig"}). This species is well documented in Sri Lanka.

***Salmacis virgulata* L. Agassiz in** [@R2]

[Figure 4](#F4){ref-type="fig"}

**Material studied.** WUSL/ER/246, 247 (wet, with spines) and WUSL/ER/89, 248, 249, 250 (dry, with spines) from Nagadeepaya; WUSL/ER/251 (wet, with spines) and WUSL/ER/252 (dry, with spines) from Mandathiv; WUSL/ER/253, 254 (dry, with spines) from Mulathiv; WUSL/ER/255, 256 (dry, with spines) from Point Pedro; WUSL/ER/257, 258 (dry, with spines) from Silavathurai.

**Literature records for Sri Lanka.** [@R2], [@R15], [@R17], [@R29], [@R23], [@R27].

**Distribution in Sri Lanka.** Northern, southern, and northwestern coasts of Sri Lanka.

**Recorded depth range in Sri Lanka.** 9--12 m (present study), 59 m (previous records).

**Habitat.** Among seagrass beds and coral rubble.

**Observed occurrence in this study.** Northern coast (Mandathiv, Mulathiv, Nagadeepa, Point Pedro, and Silavathurai) of Sri Lanka.

**Remarks.** *S. virgulata* can be distinguished from others in the genus in having uniformly purplish, unbanded primary spines with whitish bases ([Fig. 4](#F4){ref-type="fig"}).

This was the first echinoid species recorded to occur in Sri Lanka by [@R2], who cited the locality as "Ceylan" (Sri Lanka) for "*Salmacis virgulatus*", an incorrect formulation of the name. The holotype (EcEh 5940) is from Sri Lanka, and is housed at the Muséum National d'Histoire Naturelle, France ([@R59]).

***Temnopleurus toreumaticus* (Leske, 1778)**

[Figure 5](#F5){ref-type="fig"}

**Material studied.** WUSL/ER/259, 260, 261 (wet, with spines) and WUSL/ER/95, 262, 263, 264 (dry, with spines) from Nagadeepaya; WUSL/ER/265, 266 (wet, with spines) and WUSL/ER/267 (dry, with spines) from Mandathiv; WUSL/ER/268 (wet, with spines) and WUSL/ER/269, 270 (dry, with spines) from Point Pedro.

**Literature records for Sri Lanka.** [@R2], [@R1], [@R9], [@R3], [@R26], [@R15], [@R17], [@R29].

**Distribution in Sri Lanka.** Northern and southern coasts of Sri Lanka.

**Recorded depth range in Sri Lanka.** 9--66 m (previous records).

**Habitat.** Bottoms consisting of "*Orbitolites* sand, some dead coral, shells and pieces of *Nullipore*" \[sic\] ([@R26]).

**Observed occurrence in this study.** Fish landing sites at Mandathiv, Nagadeepa, and Point Pedro on the northern coast of Sri Lanka.

**Remarks.** This species can be distinguished from other Sri Lankan temnopleurids in having conspicuous, deep, long furrows along the plate sutures (so-called sutural pits). These furrows extend horizontally to the bases of the primary tubercles ([Fig. 5](#F5){ref-type="fig"}).

**Family Toxopneustidae Troschel, 1872**

***Pseudoboletia maculata* Troschel, 1869**

**Material studied.** WUSL/ER/271 (dry, with spines) from Polhena.

**Literature records for Sri Lanka.** [@R26], [@R15], [@R23], [@R27].

**Distribution in Sri Lanka.** Northern and southern coasts of Sri Lanka.

**Recorded depth range in Sri Lanka.** 13 m (previous records).

**Habitat.** Not recorded.

**Observed occurrence in this study.** None.

**Remarks.** *P. maculata* differs from *P. indiana* because the former has dark spots on the test, but the latter is uniform in colour and lacks spots.

One denuded specimen is housed at the DAF (Polhena, 1--5 m).

***Toxopneustes pileolus* (Lamarck, 1816)**

**Material studied.** WUSL/ER/273 (wet, with spines) from Silavathurai and WUSL/ER/274 (dry, with spines) from Polhena; WUSL/ER/275 (dry, denuded) from Negombo.

**Literature records for Sri Lanka.** [@R60], [@R20], [@R26], [@R15], [@R29], [@R23], [@R27].

**Distribution in Sri Lanka.** Northern, southern, and western coasts of Sri Lanka.

**Recorded depth range in Sri Lanka.** 0.5--12 m (present study), 13--48 m (previous records).

**Habitat.** Rocky reef areas, seagrass beds.

**Observed occurrence in this study.** Northern (Silavathurai), southern (Polhena, Hikkaduwa, Hiriketiya, Ahangama), and western coasts (Negombo) of Sri Lanka.

**Remarks.** When the animal is alive, the test takes on the appearance of a flower garden because of the dense covering of large, bright reddish and white, three-jawed globiferous pedicellariae. In contrast, the denuded test has distinct greenish to purplish bands arranged concentrically. This species can be distinguished from the other two toxopneustid species recorded in this study, *Pseudoboletia maculata* and *Tripneustes gratilla gratilla*, because the former has clear arcs of three pore pairs each in the ambulacra, and the latter has denser tuberculation and lacks the green banding on the denuded test (in addition, its test is much higher and shows three discrete vertical series of pore pairs in each ambulacral column rather than a broad band of pores).

***Tripneustes gratilla gratilla* (Linnaeus, 1758)**

**Material studied.** WUSL/ER/276 (wet, denuded) from Silavathurai; WUSL/ER/277 (wet, with spines) and WUSL/ER/278 (wet, denuded) from Hiriketiya; WUSL/ER/279 (dry, denuded) from Polhena; WUSL/ER/280 (dry, denuded) from Hikkaduwa; WUSL/ER/281 (dry, denuded) from Ahangama.

**Literature records for Sri Lanka.** [@R60], [@R20], [@R15], [@R29], [@R23], [@R27].

**Distribution in Sri Lanka.** Southern, northern, and northwestern coasts of Sri Lanka.

**Recorded depth range in Sri Lanka.** 0.1--12 m (present study).

**Habitat.** Mainly found on sandy bottoms among seagrass beds.

**Observed occurrence in this study.** Northern (Silavathurai), southern (Polhena, Hikkaduwa, Hiriketiya, Kirinda, Godawaya, Ahangama), and western coasts (Negombo) of Sri Lanka.

**Remarks.** *Tripneustes gratilla gratilla* is one of the most common shallow water species found among the seagrass beds of the southern coast of Sri Lanka. The colour of the primary spines varies from orange to white.

Discussion {#S4}
==========

This updated checklist records 39 regular echinoid taxa found in the waters around Sri Lanka. The present research added no new records or new species to the most recent checklist compiled by [@R5]. However, it does provide confirmation for occurrence in Sri Lanka of *Phyllacanthus imperialis* and *Temnopleurus toreumaticus* since their last recorded sightings 90 years ago (see [@R5]). Out of the 39 echinoid taxa, 16 species had been recorded in the literature from waters deeper than 30 m and as such, were considered deeper water regular echinoid species ([Table 1](#T1){ref-type="table"}). *Stylocidaris albidens* and *Desmechinus versicolor* were also included with the deep-water regulars using the criteria of [@R56], although precise depths were not recorded. Out of the 16 deep-water species recorded in the previous studies, only one species, *Salmacis virgulata*, was recorded during this study because of our focus on shallow-water species. Distribution data for *Acanthocidaris* sp., *Stylocidaris albidens*, *Colobocentrotus* (*Podophora*) *atratus* and *Salmacis belli* could not be found during the fieldwork and these species were historically mentioned solely with the indication "Ceylon or Sri Lanka" in the literature.

Based on the records of [@R17], *Colobocentrotus* (*Podophora*) *atratus* was included in the present species list. However, Clark does not cite an exact location, collector, or any other description, providing only a citation in a list of species found in the collection of the Museum of Natural History, UK and giving the distribution of *C.* (*P.*) *atratus* as "Ceylon". As this is a littoral species restricted to the surf zone ([@R41]), it is not clear how a commonly reported littoral species has remained entirely unknown to other collectors in Sri Lanka apart from Clark's single record. This situation could pertain if the species is very rare, even though it is littoral in Sri Lankan waters. Therefore, there remains no verified presence of this species in Sri Lanka and the reported locality "Ceylon" may be attributed to an erroneous label. *C.* (*P.*) *atratus* is well known from Kenya in the western Indian Ocean ([@R47]) and the Andaman Sea in the eastern Indian Ocean ([@R46]; [@R52]), suggesting that it could potentially occur in Sri Lanka. However, it has not been recorded from the southeastern Arabian Sea ([@R43]).

In addition to the above species, *Phyllacanthus forcipulatus*, *Prionocidaris bispinosa*, *Stereocidaris indica*, *Sperosoma biseriatum*, *Phormosoma bursarium*, *Salmacis belli*, *S. roseoviridis*, *Temnotrema siamense*, *Pseudoboletia indiana*, and *Desmechinus versicolor* have been collected only once from Sri Lankan waters.

*P. forcipulatus* is also known in the Indian Ocean from Madras, India ([@R56]). On the other hand, *S. indica* is well known throughout the Indo-Pacific from the Arabian Sea to the Philippines and Japan ([@R37]; [@R56]), as well as the Andaman Sea ([@R52]). Similarly, *S. biseriatum* has been recorded from the west of Sri Lanka in the Laccadive Sea by [@R29]. This species is also known from Kenya, the Arabian Sea, and South Africa ([@R12]). *P. bursarium* is well known from the southeastern Arabian Sea ([@R43]) and the Andaman Sea ([@R52]). *P. indiana* is recorded from the Indian Ocean from eastern Africa and Madagascar ([@R13]). *T. siamense* is well known from the Indian Ocean from the Arabian Sea ([@R47]) to the Andaman Sea ([@R46]). Conversely, *S. roseoviridis* is only known from the Indian Ocean from off Sri Lanka and off the coast of Myanmar (Burma) ([@R41]; [@R56]). The known ranges of these species suggest that there is a high probability of occurrence of these species in Sri Lankan waters, thus making it unlikely that the single records of the species discussed in this paragraph are all based on misidentifications.

*P. bispinosa, S. belli*, and *D. versicolor* have been recorded only once from Sri Lankan waters. These are the only records available for the entire Indian Ocean.

[@R26] recorded *P. bispinosa* from Sri Lankan waters. This is the only available distribution record in [@R13] for this species in the Indian Ocean. However, this species is known from the Gulf of Thailand ([@R46]). *S. belli* has been documented from Sri Lankan waters only by [@R27]. This species is distributed widely in the Pacific Ocean from the Philippines, the Malayan Archipelago, and the northern coast of Australia ([@R13]; [@R35]; [@R36]; [@R55]). The only available record for *D. versicolor* in the Indian Ocean was given by [@R41]. He provided coordinates for a single specimen collected from off south Sri Lanka by the R.I.M.S. "*Investigator*". This species is known from the Indo-Pacific, specifically from the Kei Islands, Indonesia to the China Sea ([@R41]). The ranges of all these species are consistent with the possibility that future surveys will confirm the presence of *P. bispinosa*, *S. belli*, and *D. versicolor* in Sri Lanka.

No management plan for the conservation and sustainable utilization of any taxon can be implemented successfully without basic biological and ecological information. Because echinoids are rapidly becoming exploited commercially as a marine delicacy ([@R54]; [@R28]) and are exported as decorative objects, it is time to evaluate the current status of sea urchins in Sri Lanka, and to develop new identification guides for the use of stakeholders in these growing industries. Reliable taxonomic data are also required to fill gaps in our knowledge of the ecological roles of echinoids along Sri Lankan shores. The data in the present study can be used for future work on the regular echinoid fauna of Sri Lanka, particularly in the assessment of population sizes, spatial distribution, local trophic networks, and threats to biodiversity due to natural and anthropogenic changes. Furthermore, systematic deep-water surveys are needed to increase our knowledge of echinoid species diversity in Sri Lankan waters.
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![Map of sample collection and observation sites (AH---Ahangama, BC---Batticaloa, BR---Beruwala, DI---Dickwella, GO---Godawaya, HK---Hikkaduwa, HR---Hiriketiya, KL1---Kalpitiya 1, KL2---Kalpitiya 2, KR---Kirinda, MD---Mandathiv, MN---Mannar, ML---Mulathiv, ND---Nagadeepa, NE---Negombo, NL---Nilwella, PN---Panama, PP---Point Pedro, PL---Polhena, RK---Rakawa, SL---Silavathurai, TN---Trincomalee; see [Appendix 1](#SD1){ref-type="supplementary-material"} for more information).](EMS85012-f001){#F1}

![Test features of *Microcyphus ceylanicus* (WUSL/ER/87): A, aboral view; B, oral view; C, lateral view; D, ambital ambulacrum; E, ambital interambulacrum; F, oblique view through peristome showing an auricle D and E whitened with ammonium chloride.](EMS85012-f002){#F2}

![Test features and spines of *Salmacis bicolor* (WUSL/ER/88): A, aboral view; B, oral view; C, lateral view; D, ambital spines.](EMS85012-f003){#F3}

![Test features and spines of *Salmacis virgulata* (WUSL/ER/89): A, aboral view; B, oral view; C, ambital ambulacrum; D, ambital interambulacrum; E, ambital spines.](EMS85012-f004){#F4}

![Test features and spines of *Temnopleurus toreumaticus* (WUSL/ER/95): A, aboral view (with spines); B, oral view (with spines); C, lateral view; D, adapical ambulacrum; E, adapical interambulacrum.](EMS85012-f005){#F5}

###### 

Annotated checklist of regular echinoids of Sri Lanka. Explanation of symbols: bold font indicates species recorded during the fieldwork within the present study or available in the DAF collection; L---indicates species recorded in literature; P---indicates species recorded in the present study; E---eastern coast; GM---Gulf of Mannar; N---northern coast; NW---northwestern coast; S---southern coast; W---western coast; 0 (zero) in depth column indicates specimens found at the beach or at fish landing site; I---[@R48], [@R50], [@R51], [@R49]; II---[@R33]; III---[@R3]; IV---[@R26]; V---[@R17]; VI---[@R29]; VII---[@R41]; VIII---[@R45]; IX---[@R52]; X---[@R24]; XI---California Academy of Sciences.

  Taxa                                                                                             Distribution data from literature[\*](#TFN1){ref-type="table-fn"}   Distribution data from this study   Depth (m) records in literature   Depth (m) records in this study   Source for literature distribution data
  ------------------------------------------------------------------------------------------------ ------------------------------------------------------------------- ----------------------------------- --------------------------------- --------------------------------- -----------------------------------------
  Order Cidaroida Claus, 1880                                                                                                                                                                                                                                                  
  Family Cidaridae Gray, 1825                                                                                                                                                                                                                                                  
  *Acanthocidaris* sp.                                                                                                                                                                                                                                                         
  *Eucidaris metularia* (Lamarck, 1816)                                                            GM, S                                                                                                   62--65                                                              IV, VI
  *Phyllacanthus forcipulatus* Mortensen, 1936                                                     S                                                                                                       95--124                                                             IX
  ***Phyllacanthus imperialis* (Lamarck, 1816)**                                                   GM                                                                  S, W                                23--65                            1--8                              IV
  *Prionocidaris baculosa* (Lamarck, 1816) \[also recorded as *P. baculosa annulifera* ([@R1])\]   GM, N, S, W                                                                                             7--182                                                              II, IV, VI
  *Prionocidaris bispinosa* (Lamarck, 1816)                                                        GM                                                                                                                                                                          IV
  *Stereocidaris indica* Döderlein, 1901                                                           W                                                                                                       733                                                                 VI
  *Stylocidaris albidens* [@R17]                                                                                                                                                                                                                                               V
  *Stylocidaris tiara* ([@R3])                                                                     W                                                                                                       329--397                                                            III, VI
  Order Echinothurioida Claus, 1880                                                                                                                                                                                                                                            
  Family Echinothuriidae Thomson, 1872                                                                                                                                                                                                                                         V
  *Araeosoma coriaceum indicum* Koehler, 1921                                                      W                                                                                                       733                                                                 VI
  *Asthenosoma varium* Grube, 1868                                                                 E                                                                                                                                                                           I, V
  *Sperosoma biseriatum* Döderlein, 1901                                                           W                                                                                                       836--1077                                                           VI
  Family Phormosomatidae Mortensen, 1934                                                                                                                                                                                                                                       
  *Phormosoma bursarium* A. Agassiz, 1881                                                          W                                                                                                       733                                                                 VI
  Order Diadematoida Duncan, 1889                                                                                                                                                                                                                                              
  Family Diadematidae Gray, 1855                                                                                                                                                                                                                                               
  ***Astropyga radiata* (Leske, 1778)**                                                            E                                                                                                       51                                                                  I, III
  ***Diadema savignyi* (Audouin, 1809)**                                                           S                                                                   S                                                                     0.5--4                            X
  ***Diadema setosum* (Leske, 1778)**                                                              S, E                                                                S                                   0--62                             0.5--3                            I, IV, VIII, X
  ***Echinothrix calamaris* (Pallas, 1774)**                                                                                                                           S                                                                     1--2                              
  ***Echinothrix diadema* (Linnaeus, 1758)**                                                       S                                                                   S                                   62                                1--2                              IV
  Order Stomopneustoida [@R31]                                                                                                                                                                                                                                                 
  Family Stomopneustidae Mortensen, 1903                                                                                                                                                                                                                                       
  ***Stomopneustes variolaris* (Lamarck, 1816)**                                                   S                                                                   E, NW, S, W                         5                                 0.1--5                            VIII, IV, X, XI
  Order Camarodonta Jackson, 1912                                                                                                                                                                                                                                              
  Family Echinometridae Gray, 1855                                                                                                                                                                                                                                             
  *Colobocentrotus* (*Podophora*) *atratus* (Linnaeus, 1758)                                                                                                                                                                                                                   V
  ***Echinometra* ex. grupo *mathaei* (Blainville, 1825)**                                         NW, S                                                               S, W                                0.5--5                            0.5--1                            VIII, X
  *Echinometra oblonga* (Blainville, 1825)                                                         S                                                                                                       1--5                                                                XI
  ***Echinostrephus molaris* (Blainville, 1825)**                                                  GM, S                                                               NW, S                               13--24                            0.5--13                           IV, X
  ***Heterocentrotus mamillatus* (Linnaeus, 1758)**                                                                                                                    S                                                                     2--5                              
  Family Temnopleuridae [@R1]                                                                                                                                                                                                                                                  
  ***Microcyphus ceylanicus*** [@R40]                                                              NW                                                                  S                                   1--5                              0                                 VIII
  *Salmaciella dussumieri* (L. Agassiz in [@R2])                                                   GM, S, W                                                                                                13--66                                                              IV, VI, IX
  *Salmacis belli* Döderlein, 1902                                                                                                                                                                                                                                             [@R27]
  ***Salmacis bicolor* L. Agassiz in** [@R2]                                                       GM, S, W                                                            N, S                                4--55                             0, 1--5                           IV, VIII, VI
  *Salmacis roseoviridis* [@R29]                                                                   W                                                                                                                                                                           VI
  ***Salmacis virgulata* L. Agassiz in** [@R2]                                                     S                                                                   N                                   59                                0, 9--12                          VI
  *Temnopleurus* sp.                                                                               GM, S, W                                                                                                13--22                                                              IV
  ***Temnopleurus toreumaticus*** (Leske, 1778)                                                    GM, N, S                                                            N                                   9--66                             0                                 III, IV, VI
  *Temnotrema siamense* (Mortensen, 1904)                                                          S                                                                                                       62                                                                  VI
  Family Toxopneustidae Troschel, 1872                                                                                                                                                                                                                                         
  *Gymnechinus robillardi* (de Loriol, 1883)                                                       S                                                                                                       48--59                                                              VI
  *Pseudoboletia Indiana* (Michelin, 1862)                                                         S                                                                                                       62                                                                  VI
  ***Pseudoboletia maculata* Troschel, 1869**                                                      GM                                                                                                      13                                                                  IV
  ***Toxopneustes pileolus* (Lamarck, 1816)**                                                      GM                                                                  N, S                                13--48                            0.5--12                           IV
  ***Tripneustes gratilla gratilla* (Linnaeus, 1758)**                                             S                                                                   N, S                                                                  0.1--12                           X
  Family Trigonocidaridae Mortensen, 1903                                                                                                                                                                                                                                      
  *Desmechinus versicolor* (Mortensen, 1904)                                                       S                                                                                                                                                                           VII
  Total Taxa 39                                                                                                                                                                                                                                                                

See [Appendix 2](#SD1){ref-type="supplementary-material"} for explanation.
